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Establishing a Software Mea~1irement Process

Abstract. This report presents guidelines tor establishing a measurement process as
part of an organization's overall sofiware process. Methods are suggested that car be
used to design a repeatable measurement process that is focused on goal setting, data
analysis, and decision making rather than on just data collection and numbers.
Examples are included to illustrate these methods in the context of some common
software process management issues involving basic measures of size, effort, and
schedule. This roport also suggests some steps for starting a measurement program.
These steps focus on identitying an organizational strategy for improvement and
designing a process for measurement to support this strategy.

1. Introduction

The primary purpose of measurement is tc provide insight into software processes and
products so that an organization is better able to make decisions and manage the
achievem :nt of goals. This report proposes some guidelines that can help organizations

1.1. Purpose/Objectives

In software organizations, measurement is often equated with collecting and reporting data
and focuses on presenting the numbers. The primary purpose of this report is to focus
measurement more on setting goals, analyzing data with respect to software issues, and
using the data to make decisions.

The objectives of this report are to:

- Provide some guidelines that can be used to design and implement a process for
measurement that:

ties measurement to organizational goals and objectives;

defines measurement consistently, clearly, and accurately;

coliects and analyzes data to measure progress towards goals; and
evolves and improves as the process matures.

* Demonstrate the guidelines described with examples and iliustrations.

* Outline some steps to help an organization start and sustain a measurement program.

'CMU/SEI93-TR-16



1.2. Audience

This report is intended to be used by a software engineering process group (SEPG) or a
working group taskad to implement a measurement program in their organization. But,
because measurement is used to help quantify the software process for making decisions,
virtually anyone involved with software can benefit from the use of measurement as
described in this report. Some additional examples of functional areas where people will
want to use good measurement practice include:

> managers involved in making decisicns for planning and controlling software projects,
- project staff focused on improving their work,

+ soitware configuration management groups tocused on product integrity,

+ software quality assurance groups focused on process assurance,

= customers focused on the end use of software products, and

+ other functional areas involvec with making decisions regarding software products
and/or processes.

1.3. Overview

This renart is divided into four chapters. This introductery mat

H e

Chapter 2 proposes methods for designing and implementing a measurement process. It
describes an architecture consisting of five activities. Each activity consists of tasks to help a
project and/or organization develop, plan, implement, and improve a measurement process
that can evolve as measurement needs change.

Chapter 3 describes uses of measurement. It iliustrates some applications of the methods
described in Chapter 2.

Chapter 4 suggests steps an organization could take to establish a software measurement
program. Designing the process as described in Chapter 2 is only one of the steps involved
in starting or improving a measurement program. Chapter 4 includes steps to heip snsure
the organization has a strategy in place and recognizes the need to design a measurement
process tc support that strategy.

CMU/SEF93-TR-16




2. Designing a Software Measurement Process

This chapter describes an architecture for designing a software measurement process. The
architecture is pictured in Figure 1. The activities required to design a measurement process
using this architecture will be described in the following four sections:

- Section 2.1 - Developing a measurement process to be made available as part of the
organization's standard software process;

» Section 2.2 - Planning the process on projects and documenting procedures by
tailoring and adapting tie process asset;

« Section 2.3 - Implementing the process on projects by executing the plans and
procedures; and

» Section 2.4 - Improving the procass by evolving pians and procedures as the projects
mature and their measurement needs change.

Developing a measurement process

Dignning implementing -
Detine procodures

LT L

* measures
» collection

» analysis
« foedback

—

identify scope
- objectives

* measures

Collect data

« record snd store data
« review and revise
procedures

Y

Analyze data
Evoive process - prepare reports
- evaluate progress  present reports
- evaluate procaess » review and revise
procedures
Improving

Figure 1. Software Measurement Process Architecture
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The architecture is generic in that it can be instantiated at different levels, e.g., project level,
divisional level, or organizational levei. Chapter 3 iillustrates some examples of these
instantiations.

The measurement procass described in this report is basad on the goal-question-metric
(GOM) approach pioneered by Basili and Rombach at the University of Maryland [Basili 84].
This approach links the measurement activities o the quantifying of products, processes, and
resources to make decisions to meet project goals. Similar approaches are described in
[ami 92], [IEEE 89}, [Paulish 92], and others. The key principle shared by ail is that projects
must assess their environments so that they can link measurements with business
cbjectives. Then projects can identify suitable measures and define measurement
procedures that address these business objsctives. Once the measurement procedures are
implemented, the process can continuously evolve and improve as the projects anc
organizations mature. The architecture in Figure 1 addresses these concepts and principles.

The process represented in Figure 1 .s analogous to the Shewhart/Deming Cycle which
pertains to the fundamental tasks in quaiity contro! [Shewhart 86][Deming 86]. The
Shewhart/Deming cycle has evolved and is currently described as the plan-do-check-act
(PDCA) cycle. The software measurement process relates to this cycle as shown in Figure

2:

e sy

Shiewhail/ AClivily in ihe Soiiware Furpose
Deming Cycle  Measurement Process

+ Plan « ldentity scope/ - Establish a purpose, plan, and
Define procedures procedure for measurement tied to
organizaiional goals
* Do  Collect data « Execute the plan to collect data
+ Check « Analyze data « Analyze data to determine progress

towards measurement goals

» Act * Evolve process » Make decisions based on the progress
towards goals and recommend
improvements on the measurement
process being used

Figure 2. Relationship of the Measurement Process to PDCA

By aligning the measurement process with the overall soitware process as shown in Figure 2,
projects and oiganizations are able to simultaneously collect and analyze data to help make
decisions with respect to project goals, and obtain feedback to improve the measurement
process itself. A working definition for a software measurement process is given here tor
reference.

4 CMU/SEF93-TR-16




Software measurement process — That oortion of the software process that
provides for the idantification, definition, collection, and analysis ¢f measures thaf are
used to understand, evaluate, predict, or contrcl software processes or products.

2.1. Developing a Measurement Process

Figure 1 illustrated a process architectura that can be used to develop an organizational
process for measurement. This measurement process bacomes a process asset to be made
availabie for use by the projects in developing, mainiaining, and imp!ementing the
organization's standard software process [Paulk 93). Some examples ot process assets
related to measurement include:

- the organization's standard software measursment process alement (described
below):

« organizational databases and associated user gccumentation;
« cost models and associated user documentation;

+ tools and methods for defining measures (e.g., the reports referenced in [Park 92],
[Goethert 92), [Florac 92]); and

- guidelines and criteria for tailoring the software measurement process element.

The nceat that this rencrt foacuses on is the software measuranient procsss slament.
Process elements are constituent parts of the overall software process, e.g., scltware
estimating, software design, code, unit test, peer reviews, and measurement. Each process
element covers a weli-defined, bounded, closely related set of tasks [Pauik 93). This report
suggests some methods to design measurement process elements. Oryanizations can use
this repnit to:

» Jevelop measurement templates to be fillad in, provide abstractions to be refined, or
provide complete measurament descriptions to be used or modified;

* describe ihe software measurement process architecture and how the elements of
measurement fit in with the organization's standard software process;
+ identity how software measurement relates to other elements of the software process,
e.g..:
- various life-cycle models;

- the ordering, interfaces, and interdependenciss within the software process: and

- interfaces and cependencies outside the software process (e.g., systems
engineering. hardware engineering, contract management).

The remaining sections of this chapter suggest methods and templates that can be used to
help design a software measurement process elemant as a constituent part of the
organization's overall software process, based on the architecture pictured in Figure 1. The
architecture consists of five activities that correspond with planning, implementing, and
improving the software measurement process. These activities are described in Sections 2.2
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through 2.4 using entry-task-validation-exit (ETVX) diagrams [Radice 85] to describe the
entry conditions, tasks to be performed, validation ot the tasks, and the exit conditians (see
Figure 3). Included in Section 2.2 are task-by-task descriptions of the activities, and
tempiates that can be helpful in planning and documenting the process, including examples.
Sections 2.3 and 2.4 use ETVX diagrams and discuss some of the common issues
associated with implementing and improving measurement plans anc procedures. Figure 3
illustrates the format ot an ETVX diagram. Note that some information, such as roles and
responsibilities, should be addad to the templates in Sections 2.2-2.4, as these are unique to
the organization implementing the process.

Entry criteria to begin aciivity
« "from™ activity for traceability
» staie or ~onditicn of inputs, e.g., products used

Task descriptions of what is to be Validation nrocedures to verify

accomplishs .i quality of work items produced by

* enumerated procedures or steps fasks

« organizational roles, units, or
automation performing the tasks

Exit criteria to complete activity
= state or condition of cuiputs, e.g., products produced
* "o" activity for traceability

Figure 3. ETVX Diagram

The purpose of using a procass definition method such as ETVX is to develop an operational
definition of the measurement process. These operational definitions can then be adapted or
tailored for use on all prejects. To be operational, the docui yented process must put
communicable meaning into the concepts and express the measurement process in
operational teyms to:

+ identify what data are to be collected,

+ define how the data are to be coliected and reported,
+ define how tire data are to be used to make decisions,
» define how the process is to evolve and improvz,

» collect and analyze the data,

+ make decisions, and

+ start over by continuing and/or adjusting the process.

To be operational, the process must achieve a result nearest to - " needed for a
particular end [Deming 86]. With measurement, projects collect only th asures that are
needed to provide enough data to make decisions. Because da.  .>'.action can be
expensive, the measurement process must be feasiole with respect to the time ang costs
associaled with coliecting dzia.
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Documentation of this process may vary considerably from project to project. 1t may result in
plans or proceduras that organizations present in their own ways. Regardless of how the
process is documented (i.e., whether as a department instruction, a standard practice, or a
formal procedure). the basic tasks described in the fcllowing sections should be included or
at least addressed.

2.2. Planning the Process

Planning the measuremant process involves the first two activities of the architecture, as
shown in Figure 4.

> fnaasy « record and store data
:;':;mm - review and rovise
: lysis procedures

Measurement !dentily scope
nead - chjoctives
- lgsues

k « MBaSITes J

Ansglyze daia
Evolve process « prepare reports

- gvalugte progress « prasent reporns
Maasurement reports « @vaiuate process - review gnd revise

procedures

Figure 4. Measurement Architecture - Planning

2.2.1. Identify Scope

The measurernent process originates with a need for measurement. The need could be
large or small. For example: an organization may need to measure corporate-wide project
performance; a small project may need to assess and evaivate their design and code

inspections; or SEPGs may need to focus and evaluate process improvement activities. The
need for measurement typically wili involve different audience perspectives; that is, various
tunctional groups will use or give inputs to the measurement process. Before designing a
measurement process, it is important to understand what the needs for measurement are,
and who the audiences are.

Once the need for measurement has been established, the first activity of the measurement
process that must be addressed is the ldentify Scope Activity. This activity helps to establish
the purpose for measurement. The ldentily Scope Activity includes identification of

CMW/SEI-93-TR-16 7




objectives that measurement is to support, issues involved to meet these objectives, and
measuras that provide insight into thase issues.

The tasks shown in Figure 5 determine the scope and purpose of the measurement effort.
Detailed descriptions of each task are included following Figure §. In some situaticns, some
of these tasks may overiap. In others, they need not be emphasized. The organization
shouid tailor its tasks to suiit its nzeds, and clearly align measurement to support its goals and
objectives.

During the ldentify Scope Activity, measurement is tied to the goals and objectives of the
organization. Only measures that support decision making with respect to goals and
objectives are identified. Without this activity, projects frequently coliect data that are not
meaningful {or making decisions within their overall process.

Entry: r“’(Deﬂm)’(CollecD
Audience needs insight into software

processes and/or products i0 make (W‘“Y)
decisions and manage the achievement of -
objectives. This may be a new need, or L.GWWE Analyze

the continuation or modification of an
existing need for measurgment.

Tasks: Vaiidation:

Identify:

1. measurement need | « audiences and needs are identified

2. objectives + objectives are relevant to organization
3. methods + objectives are feasible

4,

measurement issues | « issues describe the products, processas, and rasources
aftributabie to the mathods

S. measurement goals | = measurement goals are quantifiable and unambiguous

6. questions » answers to questions give insight into achievement of
goals/issues

7. measures * measures answer ang are traceable to questions

Exit:

A set of measures or things to be measured that provide insight into the software
processes and/or products for making decisicns. These measures are approved, and
the process continues with the Define Procedures Activity.

Figure 5. ETVX for Identify Scope Activity

8 CMU/SEFI3-TR-16




In Figure 5, the sequence of tasks to complete the Identify Scope Activity are:

1. Identify the needs for measurement. A measurement need could be as broad as
providing insight into the achievement of the organizational mission; or it could be as
focused as providing insight into a change in project performance due fo the
impiementation of a new software tool. For any measurement need, it is important to
recognize hat there may be several audiences or users of the measurement data,
each with different perspectives and nesds for measurement {e.q., SEPGs, project
management, quality assurance). Ali audiences or users should be identified,
including those who will receive the measurement reports, those who will make
decisions based on the data, and those who wiil provide the data.

2. Ildentify the objectives of the vrganization that each measurament need is going to
address. This task ensures that measurement is aligned with and will suppocnt
decision making with respect to the business objectives of the organization.

3. Identify the methods that will be used {o achieve the objectives :tated in task 2
above. This task will help to ensure that there are methods to achiev the
objectives, aind that the objectives are feasible. Also, these are the method; that
need to be measured in order to give the measurement users insight to inake
decisions.

4. Identify the issues that need to be managed, controlled, or observed. These issues
should refer to products, processes, and/or resources that are traceable, and relate
to the methods identitied in task 3. Somo common issues are size, cost, and
schedule.

5. Translat. each measurement issue into precise, quantifiable, and unaniviguous
measurement goals. These goals may involve measurement to help individuals
understand an issue (i.e., to evaluate, predict, or mionitor) or to address a need for
improvement (i.e., to increase, redusce, achieve, or stabilize). [ami 92) provides
several examples of measurement goals.

As a template, a goal could icentify the purpose of the measure :.ent in the following
format [Basili 87]:

To [characterize, evaluate, predict, monitor, motivate, increase, reduce,
achieve, stabilize] the [process, product, modei, measure] in order to [plan,
control, improve, understand, assess, manage, engineer, leam] it.

For example: To evaluate the system testing methodology in order to
improve it.

6. ldentity a list of questions for each go:.l that, when answered, wiill determine if the
goal is being achieved. These questions could involve products, processes,
improvements, etc. Answers to the questions should indicate the status of p.ogress
toward goals, which will in turn provida insight into the issues.

7. For each question, identily things to be measured which could determine the
answers to the questions.

CMU/SEN93-TH-16 3




This sequence of tasks produces a set of measures to address the need for measurement.
However, as the software process evolves, so will the measurement process that is
supporting it, and additional measures may be identified. Each iteration or cycle through the
measurement process may re-identify the scope.

These tasks can be used as a template for documenting the ldentify Scope Activity of the
measurement process. Figure 6 provides an example that illustrates this activity. [ami 92]

provides several additional exampies of how measures are identified to support the decision-
making process.

CMU/SEI93-TR-16




Task 1. Measurement need: ]
Project managers need tc have insight into project progress

Task 2. Organizational objective(s):
Produce products on time, within budget

Task 3. Methods:
Below are some examples of methods for achieving the objective:

« Document a standard process for estimating effort and schadule and use a
commercial cost model to improve the estimating and tracking process.

+ Use prior project performance as a check of project feasibility, use realistic
estimates, perform periodic reviews of actual versus plan, replan when
necessary, efc.

Task 4. Meagurement iasues: (Actual varsus astimatad size, affort, and schadule)

+ What do you do when costs and scheduie overrun the plan?
* How do deviations in size affect schedule?

Tesk 5. Measurement goal:

To monitor actual versus estirnatad size, effort, and schedule in order to make
decisions with respect to project plans, progress, and need for replanning

Task . Questions:

‘ What was the planned size, effort, and schedule for the project?
How much have we done?

: How much is left to do?

When will it be complete?

Task 7. Things to be measured:
+ sice + e fort + schedule

; Figure 6. Example of Identify Scope Activity 4

CMU/SEI-93-TR-16 1




The Identity Scope Activity identifies questions @nd mieasures that indicate progress towards
the organization's objectives. The scope of the measurement efiort is limited to reasures
necessary for making decisions with respect to the objectives, i.e., usetul data. The process
continues on to the Define Procedures Activity with a set of measures.

2.2.2. Define Procedures

The compiete set of identified measures is cbtained from the Identify Scope Activity. Once
measures have been identified, oparational definitions and procedures of the measurement

process should be constructed and documented. The tasks for the Define Procedures
Acivity include:

- detine each of the identified measures comgpletely, consistently, and operationally;

« define the collection methods, including how the data are to be recorded and stored;
angd

+ define the analysis techniques {0 be used ‘0 determine status relative to the identified
measurement goals. These analysis techniques will most likely evolve and expand
through each reporting cycle as the user gains more insight intc the data.

The procedures decumagnted during this activity should be reviewed and revised if necessary
during each reporting cycle. Figure 7 summarizes the tasks to define procedures in the

ETVX format. These tagke are then detailed, along with cxamples to illustrale the tasks
included in Figure 8.

12 CMU/SEH93-TR-16




Entry:

From the Identity Scope Activity, a set of
meastures or things to ba measured is
obtained. These measures have been
approved, and provide insight into the
software processes and/or products for
making decisiols.

Tasks: Validation:
Define:
1. measures * measures are described in clear, unambiguous, and
operational terms
2. counting « counting procedures are repeatable; they include
procecdures source of data, frequency of collection, special tools
e ntified, and verification procedures
3. recording  forms are developed for consistent recordiny of data
4. storing « databases exist to reliably store histerical data
5. analyzing « the methods for analyzing the data answer the goal
related questions
6. reporting « tables, charts, and graphs adequately summarize
progress towards goais
7. teedback » mechanisms exist to incorporate feedback for updating
operational definitions

Exit:

An approved procedure for measurement that is operationally defined. To be
operational, the documented proceduras must put communicable meaning into the
concepts, and express the measurement procass in operatioral terms of:

identify what data are to be collected,

define how the data are to be collected and reported,

define how the data are to be used to make decisions,

aefine how the process is to evolve and improve, and

identity who will collect, enter, store, maintain, verity, and have access to the
data.

1

Figure 7. ETVX tor Define Procedures Activity
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To defire the measurement activity as indicated in Figure 7, document the following
sequence of tasks:

1. Define the measures. [Florac 92), [Goethert 92], end [Park 92] provide advice for a
checklist approach to defining measurgs relatea to size, etfort, schedule, and
problem reporting. These definitions follow structured rules thai state what is
included and excluded in 2ach measure. The checklists describe the measurement
data sc that receivers of the information wili not be misled by unstated assumptions
or lecai variations in measurement practices [Carleton 92]. Defining measures could
also involve the design of questionnaires, interviewing techniques, etc. This type of
information should be documented and kept as part of the plans and procedures for

the measurermnent process. [ami 92] aiso provides tamnplates and advice for defining
measures.

2. Define counting procedures. Once the measuras are defined in operational terms,
procedures for collecting each measure shouid be documented. The procedures
should be clear and repeatable, and include the source of the data, collection
responsibilities, frequency of collection, and any special tools required. There should
also be some vehicle for verifying that the data are correct, i.e., that the procedure
can be duplicated to get the same result.

3. Construct forms or procedures to record the measures. The forms should include
administrative data such as the project's name, date, configuration management

Antn Aate anllastar abta 18 ia haln
b bGA

ot At mnal tAd
ACaile, A

&1l m sarmels snsithh nesi abn S bl cnmh

VWAZIIVAAAW T ) ©ibe: 15 8D HITIIIIML W TRWUIR V000010 .IIV‘WQ LA QI TG RITH ) lKAND Pdll
in designing and buying into the format.

4. Selact and design a database or spreadsheet to siore tha information. The use of a

spraadsheet or database will help to organize the data and make it easier to use. As

the database grows, the coliected data can heip indicate trends and long-term
performance of the measured projects.

3. Define analysis methods and show how the measures can answer the goai-related
questions. After some study and evaluation, preliminary assumptions can be made
abour key process events and their relationships, and basic ana'ysis methods
become apparent. As projects collect data and gain knowiedge about the process,
these analysis techniques wiil be refined as additional issues will become part of the
process. Some initial considerations should include:

- ldentification of any potential or anticipated interactions between various
measures. Analytical methsds can involve the correlation of related rneasures
using a scatter diagram to plot one measure versus another.

« ldentification of a basic set of warning signals that should arise when the coliected
data are significantly different from the plan or estimate. This could involve trend
analysis of actual versus estimated measures and/or controi charts indicating
thresholds and warning limits.

+ lllustration or examples of conclusions that can be made from the data report with
respect to the goals.
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6. Use the traceability between the issues/goals and the measures te define potential
relationships among the measures and construct measurement reoorting formats.
These formats should include charts and graphs to present the measures and
answer questions about each issue/goal.

7. Define mechanisms for feoedback that:

= show how the reports are to be distributed to the different audiences, including a
distribution list;

identify the needs for any regular meetings to present measurement reports,
including typical agendas, attendees, purposes, outcomes, etc.,

- specify how reports can be used and affect decisions; and

define the process for receiving feedback from the audiences, e.g., marked-up
hard ccpies or formal change requests.

These tasks are illustrated in Figure 8. Because defining the measurement process will be

different for each organization, Figure 8 includes some examples and general comments to

illustrate this activity. The examples are a continuation of the example which began in Figure

H 6 on page 11. This example is refarred tc in the remainder of this report to illustrata how an
organization or project can implement ard evolve a measurement process.

CMU/SEI93-TR-16
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Task i. Define measures

size: Size represents the magnitude of software being developed, to be used as an
indication of the amourit of work being done and the amount cf resources needed to
do the work [Rozum 92]. One useful measure for size is lines of code. The fiqure
below illustrates a partial checklist for defining source lines of code. Refer to [Park
92] for more details on defining line of code measures. Other useful measures for
size are number of requirements, computer software modules, and function points.

effort. Effort can be measured in staff hours, i.e., counts of staff hours planned and
expendad on a project. Staff hour counts can be partitioned by labor and support
staff categories, experience levels, functional areas (e.g.. quality assurance,
configuration management, testing), or by life-cycle activity (e.g., requirements
analysis, code and unit test). Refer to [Goethert 2] tor more details on defining
staff-hour measures.

schedule: Schedule is shown as a graphical portrayal of delivery dates, activities,
and milestone progress. [Goethert 92] includes a checklist for defining schedule
events that can be used to clarify these schedule measures.

Partial Gefinition Checklist for Source Statement Counts [Park 92]

Definition name: Physical Sourve Lines of Code . Date: &17/92 L
(basic definition) Originator:__ S®¥ B

Meoasurement unit: Physical source lines v
Logical source stataments

Statornent type Definition |/| Datammey | _]| |nciudes | Excludes N
When a line or staternent contains more than one type, ‘
dassify it as the type with the highest precedence.

1 Executable Ondar of precadence > [ 1 |
2 Nonexegcutable

3 Declarations

4  Compiler directives
5 Comments

6 On their own lines

7

8

9

|

w
AYAY

Or lines with source code
Banners and nonblank spacors
Blank (empty) comments

10 Blank lines

of ~ njen{ »
<[elx|ele

How produced ~ Definitlon |v | Datasray || Tnciudes | Exciudes VY
Programmed o
Generated with source code generators
Convertad with automatad translators
Copied or reused without change
Moditied

Roemoved v

ASAIAVAYAY

DN A W~

Figure 8. Example of Define Procedures Activity (1 of 5)
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Tagk 2. Define counting methoas |

Planned (estimated) data for size, effort, and schedule miay be taken from contract
documentation (e.g., statement of work, proposals, software development plans).

Actual data may be collected and reported periodically (e.g.. monthly) using colliection :
tools to facilitate timeiiness, accuracy, and efficiency of the process. Procedures for o
counting the measures will vary significantly among software environments. Some 3
general comments and/or suggestions on counting methods for the measures in this
example &re:

« Organizations may already have adopted an automated, stancard line of code
counter to measure size. Consider using the chacklist in [Park 92] to clearly ‘
document how the existing tool counts lines of code. Tools can be developed
to access the source listings in the configuration management library, count the
lines of code per source file, and aggregate the toiais for the project, each
product, or however the data are to be tracked. For example, if plans were
developed at the CSCI level, then the data should be collected, reported, and
analyzed at that level.

- Effort data are typically obtained from the accounting department through the
existing cost accounting system. If not, staff-hour data can be obtained from
empioyse timecaids. Consider using the checklist in [Goeliiert §2] o fieip
document existing measures for effort being used.

- Schedule data could be obtained from the project status reports, with the
software supervisors updating the activity status at least monthly. Objective
entry and exit criteria must be defined for each activity and agreed upon in
order to track actual versus plan. [Goethe:t 92} discusses this aspect of
defining milestones and schedule measures. One way to automate this
collection is to anter activity plan and actual data in the developers software
development files, on line. Then tools can be developed to search the software
development files for planned and actual activity status.

S e . .. I . P . L E . '
- - - - Y LT s .
L T I LT ey L PR S

Task 3. Define the recording formats

Data should be recorded in a format that includes: name of project, date
' collected, configuration management reference, and data collector. In this
. example, the recording format shouid inciude actual size, effort, and scheduled
activity progress, and any revised gstimates for size, efforl, or scheduled
activities.

Figure 8. Example of Define Procedures Activity (2 of 5)
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Task 4. Define storage mechanisms

The use of a database 100l or spreadsheet such as Excel or Lotus 123 is suggested.
The too! used should have import/export capabilities with the related tools and/or
daiabases being used for collection. For example, the automated line of code counter
can export data directly into the spreadsheet.

Task 5. Define analysls methods [adapted from Rozum 92]

Based on the scope and purpose ot measurement in this example, the measures
should provide insight into progress of the software project, and give early warning of
cost overruns and/or the need to replan.

Look for actual size, effort, and schedule to closely track planned values. Deviations
could signify problems.
Variations in size, effort, or schedule could mean:

« developers may be sacrificing effort and/or schedule te produce the product;

= davelopers may bea sacrificing functionality to meet effort and schedule;

= estimating process may have beer inadoguate; and

+ original requirements may be incompiete, inaccu:ate, or not understood.

in either case, the original plans may no longer be realistic, and the project requires re-
planning.

However, by correlating measures, other process problems could be apparent. For
example, if there are deviations in size, but not effort and schedule, it could mean
several things, for example:

« The project may be spending its time closing open problems, and not
develcping new code.

« Or, if actuai size is much larger than planned, but effort and schedule are on
track, it may mean that the product is being developed too hastily, at the
expense of quality.

in either case, the project manager will need to look at some measures of product
quality in subsequent reporting cycles.

Examples of charts that can be used as indicators of these described conditions are
included in Task 6.

Figure 8. Example of Define Procedures Activity (3 ot 5)

_——

18 CMU/SEF93-TR-16




Task 6. Deflne reporting formails

Size Original plan
s Actual
Source
Statements

1 2 3 4 5 6 7 8 9 10 11 12

Effort Original plan

Cumulative
staff-hours

o] Actual

1 2 3 45 6 7 8 9 10 1112

Schedule Plan

Activity 1 m SR  Actual
Activity 2 M ' Stan

y w Finish
Activity 3

Activity 4

Aiivity 5

1 2 3 4 5 6 7 8 9 10 17 12
Contract Months

Figure 8. Example of Define Procedures Activity (4 of 5)
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! Task 7. Deflne mecharnisms for feedback

Feedback mechanisms will be tailored to the organization. Some general comments
pertaining to this example:

« Monthiy project meetings could be held to review project status amcng the
managers and software staff, and the functional areas (i.e., quatity assurance,
configuration rianagement. test) that interface with the developers.

« Measuremeiil repaorts should be distributed prior (0 raview sassions so that the
issues reflectad in the reports can be examined for resolution or discussion at
the megtings.

+ Much {eedback can be obtained from the scheduled review sessions.
However, not ali issues will be raised in a meating. Red-lined or written
comments after the meeting should also be accepted.

+ The absence of teedback may be bad teedback. If reports are not generating
feedback, it is likely that the reports are not being used.

Figure 8. Example of Define Procadures Activity (5 of 5)

2.2.3. Summary of ldentify Scope and Define Procedures Activities

Execution of the identify Scepe and Defing Procedures Activities should resuit in a
documented, operational plan and procedures for measurement. The plan should idantify the
scope angd purpose of the measurement efioit, together with the roles, responsibilities,
resources, and scnedules for the measurement process. 1he procedures will be tailored and
adapted to sach project that implements the measurement plan. These documented plans
and procedures will serve as a baseline that will evolve as viecessary with eacn iteration
through the process (\.e., e2rh reporting cycle). Because it is not possible to know
beforehand all oi the analysis tachniques or the information that will be necessary, the
baseline measurement procedures will evolve as data are ccliected and further insight is
obtained from successive cycles through the process. As each reporting cycle provides
adcitional teedback, the baseline measurement procedure should be reexamined and
updated accordingly. With a measurement plan in hand, the organization is ready to collect
data.
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2.3. Impiementing the Process

Define procedures Collect data
- Mip2sures

l « record and store data
: :ga'ﬁ:“ « raview and revise
« feedback P
Measurcment [ 1dentify scope
need * Objectives
- I3su08
« maasures
% Anglyze data
Evoive process - prepare repoits
- evaluate progress + prosent reports
Measurement roports - evaluate process = yoview and revise
procedures )

Figure 9. Measurement Archilecture - Impiementing

Figure 9 illustrates the activities that are the focus of imp!3menting the measurement process
on aciuai prcjects. The first two activities of the measurement process identified the scope
and purpose for measurement and documenied repeaiable procedures w operaticnally
define the measurement process. The next two activities implemeut the documented
measurement procedures. These activities are described using ETVX diagrams as in
Section 2.2, Based on the sxecution ot these activities, the documented proceduras for
measuremant should be reviewed and revised to meet the evolving needs of the projects or
organization. Evolving the process is discussad in Section 2.4.
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2.3.1. Collect Data

This activity implements the collection procedures defined in the Define Procedures Activity.
Using the operationa! definition of the measurement procedures, data are collected,
recorded, and stored. In addition, the data are validated and the procedures are review:2d for
adequacy. Procedures may need to be tailorad or adapted to suit each project that
implements the measurement procedure. Figure 10 outlines the entry and exit criteria, tasks,
and validation required for this activity.

Entry:

Approved, operational definition of the
i measurement procedures from the Define Qdenth‘y

Procedures Activity 4 ( Evclve Analyze)

Tasks: Valldation:
1. collect data
2. record data

3. store data « data are verified (list specific criteria, e.g., data are timely,
consistent, repeatable)

4. revicw and revise ; = colleclion procedures are adequate (list specific criteria,
procedures €.g., adaptabie to project environment)

Exit:

Approved, verified data are provioed as input to the Analyze Data Activity

Revisions to the Coullect Data Activity procedures are providad as input to the Evolve
Process Activity

Figure 10. ETVX for Collect Data Activity

Using the example charts shown in Figure 8 on page 19, soime general commants could be
made regarding problems with the data collection procedures:

+ Are those individuals who are collecting data implementing the procedures as
defined?

« Are definitions of procedures valid for a particular project?

» Are actual size data lagging the plan? This could occur because the autemated line
of code counter is not finding all of the source listings. Developers and/ocr the
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configuration management staff should ensure that the procedures to count lines of
code are adequate.

« Are actual size and effort data lagging the plan? it may be that not all effort data are
being regorted as planned. For example, are indirect support staff, and overtime
included in the actual data? Were these figured into the plans? Here the definitions
of the effort data must be reviewed to ensure consistency. Compare the definitions of
planned size with the definition of actual size being implemented by the line of code
counter to ensure that thase definitions are consistent. [Goethert 92] discusses these
issues.

- |f status ot activities is being obtained from the Jdeveloper's soitware devslopment
files or from project status reports, the developers must ensure that the source of the
data accurately retlects actual status. Here again, there may be a problem with the
collection procedure.

After implementing the coilection procedures, the process continues with the Anaiyze Data
Activity.
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2.3.2. Analyze Data

Entry:

Define

Approved, verified data from the Collect
Data Activity @eﬂﬂ@

Tasks: Validation:

* analyze dala

* prepare report > report provides insight into issues, status of goals
obtained from report

* present report - report is understood and acceptable (list criteria, e.g.,
approved by audience)

« review and trevise|} » analysis procedures are adequate (list criteria, e.g.,

procedures adaitional issues tapluied)
Exit:

Draft measurement reports distributed to the audience to the Evolve Process
Activity

Revisions to the Analyze Data Activity procedures are provided as input to the
Evolve Process Activity

Figure 11. ETVX for Analyze Daia Activity

This activity consists of analyzing the data to prepare the reports, presenting the reports to
the audience, and reviewing procedures for accuracy and adequacy. Tae procedures may
need to be updated if the report is not providing insight into the issues, or the report is not

understood. In either case, feedback is collected to update the measurement procedures to
analyze data.

24
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Referring to the example in Figure & on page 19, the overall trend is that actual size, effort,
and schedule are lagging the plan. This could indicate that :

- there are not adequate staff working on the project;

« adequate computer resources (e.g.. government furnished equipment, contractor
fumished equipment) are not available;

« the requirements are not stable or not defined; or
» the project needs to get more data.

The project manager must investigate these issues to determine what the cause of the slips
are. The project manager may find that the original plans are no longer realistic. If data are
not already available, the measurement process may then be updated to include these
additional issues and measures tor the next reporting cycle.

Collect Data and Analyze Data Activities are intended to implement the current measurement
plans and procedures. At the same time, these two activities collect feedback 10 update the
plans and procedures for the next reporting cycle. lssues may come up that require the
procedures to be updated. Section 2.4 more specificaliy addresses the evolution of the
measurement process.

CMU/SEI-93-TR-16
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2.4. Evolving the Process

Figures 12 and 13 illustrate the final activity of the rneasurement process architecture. The
Evolve Praocess Activity is used to improve the process and ensure that there is a structured
way of incorperating issues and concerns into improvement of the process.

Define procedures

Collect data
. "‘9“":'99 « record and store data
. ;g:f:;l:“ - review and revise
« feedback P Hres
Measurement Identify scope
need - objectives
- Issues
- measures
Analyze data
Evcive process - prepare reporis
+ ovaluale progress s present reports

eponts < SValiais pirotess } * [EVIEW aNd Tevise
k - k procedures )

Figure 12. Measurement Architecture - Evolving

At this point, the audience receives the maasurement reports, and makes decisivns based on

the data. These cecisions may involve repianning, corrective action, or simply moving or
without change.

This activity also assesses the adequacy of the measurerment process itself. As decisions
are made, the audience provides feedback on the adequacy of the data available. They may
raise additional issues, or indicate that certain data are no longer available. This feedback, in
addition to the feedback from the other activities, is addressed during the next reporting
cycie, by reidentifying and redefining the measurement process. This activity overlaps the
entire process, and it cuiminates in the review of the current reporting cycle. Typically, the
measurement focal group (discussed in Chapter 4) will collect any feedback or changes

necessary o the measurement procedures and evaluate what kind of changes should be
made for the next reporting cycle.

26
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Entry: r”(Deﬂne Collect
Draft measurement reports distributed

to the audience from the Analyze Data ( IdentlfD
Activity

Revisions to the collection procedures L_@“'Mm'm

from the Collect Data Activity

Revisions to the analyze data procedures
from the Analyze Data Activity

Tasks: Validation:

» ev~'uate ingight « audience reviews and accepts measurement report
inw progress

s evaluate « inconsistencies or concerns toc be addressed are
measuremant identified
process

Exit:

Final me~ wrement reports are reviewed and accepted by audience

Feedbu ~  obtained to evolve the process to the identify Scope Activity, including
adjustme. - to:

+ identifieu scope (objectives, issues, measures)
« defined proredures (measures, collection, analysis, feedback)

Figure 13. ETVX for Evoive Process Activity

Managers need to determine if they have adequate information to evaluate progress with
respect to their goals {i.e., could they use the data to make decisions?). Also, they need to
evaluate whether the precedures defined are adeguate. The end result of this activity is:

« final measurement report is accepted by the audience for the current reporting period;
and

» feedback is obtained to evelve the measurement plans and procedures.
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In the example in Figure 8 (on pages 16-20), there were several inconsistencies or concems

raised. Any feedback such as the following issues should be addressed during the next
reporting cycle:

- The defined measurement procedures may need to be updated as a result of
reviewing the collection methods.

- The measurement plans may need to be updated to retlect additional issues raised
during analysis.

» There may have been no feedback at all from the measurement report, indicating that
the audience may not have needed the report.
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3. lilustrations of Use

Chapter 2 outlined some methods for designing a measurement process which an
organization can appiy at various levels. This chapter illusirates some of the ditferent levels
or scenarios where the organization could apply the measurement process described in
Chapter 2. The purpose of a measurement process is tc provide insight into software
processes and products sc that an organization is better able to manage the achievement of
goals. Figure 14 illustrates some of the uses for measurement.

Baseline Measurement Process

» communicate clearly
* use process consistently

e calibrate * qualify * investigate
* estimate * classify « understand
* plan + select * 2sSess
° track * normalize * evaluate
Aggregate Data W

« cerporate/industry comparisons

* rnarketing decisions

* business decisions

Figure 14. Uses of Measurement

3.1. Baseline Measurement Process

An effective measurement program starts with a baselined process that can be used
consistently by all decision makers across the organization. Without this baseline, the use of
measurement is ad hoc, limiting an organization's ability to manage projects, describe
products, improve the process, and aggregate data across projects.
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The initial instantiation of the methods in Chapter 2 could be to document a process that all
projects can use to communicate consistently in tarms of the size, efiont, schedule, and
problems. These are the basic measures described in [Carleton 92]. They address
fundamental, important product and process characteristics central to planning, tracking, and
improving. The methods in Chapter 2 can be used to design a process that includes:

* common managemsant objectives and issues;

« basic things to be measured (e.g., size, effort, schedule, and problem counts);
= unambiguous definitions;

* Collection procedures;

+ analysis techniques;

+ mechanisms to evclve (e.g., monthly progress reviews); and

- roles and responsibilities.

With a baseline measurement process defined, a solid foundation for collecting measures is

established. As the basic measures evclve, their definitions and uses often expand. For
example:

» problem reports can ba expanded to track status, type, severity, and priority;

- size aftributes can be tracked by language, platform, development status, origin, and
production method;
» &iiori attripuies can be added to irack Dy iabor ciass, phase, and aciivities periormed;
and

: = schedule can be tracked by dates and completicn criteria.

These basic measures can be built upon so that they become aven more effective in
managing projects, describing products, and improving processes. These uses of
measurement are discussed below.
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3.2. Manage Projects

With a repeatable measurement process, managers can begin to rely on the basic measures
they use for managing their projects. Using the methods described in Chapter 2, a
measurement process element can be defined to:

- collect basic measures on completed projects, so that a historical database can be
established to help understand the capability of the current software process;
« use historical data to calibrate software estimating models;

« develop realistic estimates and pian the size, effort, and schedule fo: future projects
based on historical data;

« use actual versus planned data o evaluate how much of the project is compiete, how
much is ieft to do, and when the project can be complete, in erder to make decisions
regarding resources and progress,; and

replan projects based on deviations in status, progress, or renegotiation of
requirements.

3.3. Describe Products

Once the manager understands the basic measures to manage project performance and
capability, the next level involves describing the products in terms of these basic measures.
As an organization defines the processes to be used across all projects, it can begin to focus
measurement on quality and product descriptions. Product descriptions are used to qualify
how good a product is, classify product characteristics, and select products to meet user
specifications. Some examples of product descriptions include maintainability, reliability, and
problem densities. These are all ways of describing products in terms of the reiationships
between the basic measures (e.g., defect density = defects/size). The methods in Chapter 2
can be used to identify some of these produst description issues and relationships that exist.
Some examples of how different users might want to use the measurement process to
describe products include:

+ managers can understand the level of quality of their products and the quality that
their existing process is capable of achieving;

+ developers can use product descriptions to nalp them understand the quality of their
work and identify potential strengths and weaknesses in the process; and

« customers can describe the products in their requirements specifications to indicate
the desired level of quality.
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3.4. Improve Processes

So tar, the illustrations have involved describing ihe products and the existing capability of
the software procese. Another common objective of managers is to improve the capability of
the organization [Humphrey 89). Once managers understand the basic measures they use
for managing their existing processes and products, they can begin to focus on process
improvement. Here, measurement is used to investigate and understand, and to focus on
problem areas or targets for improvement. For example, if projects are finding a large
percent of their orogbiems from system-level or field-lovel tasting, the organization may need
to implemer.¢ a more rigorous design and code inspection process, or provide training on unit
testing (i.e., focus improvement on earlier phases of the development process). Once
process improvements are implemented, measurement nelps to assess and evaluate the
success of process improvement activities.

3.5. Aggregate Data

With measurement used consistentiy on projects, managers can aggregate data across
projects. The methods from Ciapter 2 can be used to help senior management identify and
define measures that will help them make dacisions with respect {0 organizaticnal goals and
— obiectives, With measurement they can better understand the software process and
' organizational capabilities, and get involved with the business aspects of software. This
typically involves aggregating data from projects within the organization to assemble data on
productivity (size/effort), quality (before and after release), and predictability [Grady 87).

Often, seftware organizations are raquired to report measures as part of a mandate or policy.
This upwards communication of projact status is an example of how important a consistent
measurement process couid be. In order for projects to report and refiect their current
progress accurately, they should have documented plans and procadures that communicate
exactly what the data represent. Without this consistency, the use of aggregations of data is
questionable.

3.6. Dynamic Change

One final iliustration involves the concept of dynamic change of the measurement process.
This concept builds on the original need for measurement and an evolving process for
measurement. As organizations or projects rnature, objectives wiii be met or rmodified. With
changes in the organization (and the process), the needs for insight into the process will also
change. For exampie, if the organization establishes a formal software quality assurance
group or sofiware configuration management group, there immediately exist new audiences
and users of measurement data. These groups reed to become part of the measurement
process. AIso, as tools and technology are introduced into the organization, new insights into
the process become necessary to determine the effectiveness of these tools. For example, if
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the organization adopts a new cost estimating tool, it will need to identity and define the
measures that are ngcessary for the cost estimating model, i.e., the parametric inputs that
describe the software environment, application complexity, devsloper experience, €tc.

3.7. Summary of lllustrations

Figure 14 tocused on distinct uses for measurement. Howuver, it is clear that these uses and
the measures overlap, and that the uses are built on foundational, basic measures for size,
effort, schedule, and problems. The definitions and uses of these measures exgand as the
measurement process matures. An organizaton benefits from measurement by g1lining the
insight necessary to:

» establish baseline performance parameters for estimating and project planning,
« communicate status and make decisions based on actual measuremen.s versus plan;
+ understand a process or product, its characteristics, and/or problem areas; and

« assess improvement activities to justify, manage, and evaluate quality and
productivity improvement programs.
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4. Starting a Software Measurement Program

Chapter 2 addressed several issues regarding the design of a software measurement
process. However, besides the technical design of the sofiware measurement process, there
are also other organizational considerations and boundatries involved in implementing a new
process or improving an existing process. Whether an organization is defining a software
measurement process or a configuration management process, changes should be
implemented in a structured, well thought-out manner.

This chapter provides some guidelines for integrating a measurement process into the overall
software process of an organization. Figure 15 suggests a series of steps that can help an
organization initiate or improve a measurernent progran.. These steps are adapted from
[Grady 87] and [QSM 92]. The degree of emphasis on individual steps depends on the
maturity of the organization and on existing measurement capabilitics. Each of these steps is
discussed individually in the following sections. Note that the second step, Design the
Process, is addressed by Chapter 2 of this report.

/ r"f Define " Collect

( dentify the Objectives )

I-----—C Desigi the Process ) ~‘__QR_A_(EWM! ) .(Analyze)

Prototype the Process )

L-»(Document the Process)

implement the Process)

Expand the Program )

Figure 15. Starting a Software Measurement Program
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4.1. Establish a Measurement Focal Group

Once an organization racognizes the need to start or improve its measurement program, it
should identify and allocate resources for a measurement focal group. This focal group may
be part of an existing SEPG, or a separate working group or process action team assigned to
measurement. Some responsibilities for this focal group might include:

° assessing organizational sponsorship, commitment, and involvement;
implementing the steps described in Sections 4.2 through 4.7;
ccmmunicating and strengthening the network of sponsors;
documenting successes and lessons leamed,

evolving the process based on successes and lessons leamed; and
establishing a historical, organizational database of project data.

As the role of measuretnent expands, more resources may become necessary. Often the
focal group is augmented with project representatives [Dion 92]. For example, as the need
for measurement grows, the focal group may perform measurement functions full time, while
project representatives provide part-time support. This composition has several benefits.
For exampla: additionzl project representatives help grow the group's capabilitics;
measurement obtains wider visibility among projects; and projects develop & sense of
ownership of the measurement procgram. Projects are more iikely to suvport mgasurement if

they are part of the process and see the berefits of using measurement to make decisions.

4.2. ldentify the Objectives

Any change or improvement in thie software process, including the use of measurement,
must start with clearly identified, realistic objactives. Management must set challenging
cbjectives, monitor progress, and insist on performance [Humphrey 89). These objectives
may be the result of process assessment findings and recommendations or some other
process improvement activity. The measurement focal group then works with management
to translate high-ievel objectives into measurable goais for improvement. Ultimately,
everyone must be invoived in the measurement activily. Decision makers, inciuding ail levels
of management, should be able to use measurement data to make decisions regarding the
issues related to organizational objectives. This task will frame the methods, priorities, and

management support, and will align the measuremerit activity with the overall goais ¢f the
organization.
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4.3. Design the Process

Projects all too often begin their measurement efforts by collecting data. However, even
though many projects may be collecting data, few use this data to rnake decisions regarding
software products and processes. This happens because the projects are focused on
collecting numbers rather than on working through a process to identify and define what
measures they want to collect and analyze with respect to their goals. An organization
should assess and undersiand its current measurement capability, and then design a
process that uses its existing capability for leverage.

4.3.1. Assess and Understand Current Capscbility

Effective improvement of any software process requires an understanding of the current
capability [Humphrey 89]. Therefore, the focal group needs to concentrate initially on
assessing and understanding the organization's current software process capability and
existing measurement and/or data collection methods. This involves surveying the projects,
and identifying existing process(es) being used and existing data collection procedures. The
tfocal group should determine how the projects are currantly using and benefiting from
measurement, and what the projects might like to se2 in a measurement program. By
assessing and understanding the organization's existing measurement capability. the focal
group is able to design a maasurement nrocass that ugses axisting capahilities for leverage.

4.3.2. Design a Measurement Process

A software measurement process needs to be designed and documented. Otherwise, it will
mereiy be adjusted to each successive crisis, and the overall performance will remain
unchanged [Humphrey 88]. Once the focal group understands the organization's existing
capability and objectives, it can design a software measurement process to meet the
organization's needs. There are several sources in the literature to use as a foundation for
designing this process. The process in Chapter 2 uses ar adaptation of Basili's
goal/question/metric paradigm [Basili 84] and ties measurement to the organizational
objectives. This process involves identifying and defining measures that directly relate to the
project's or organization's goals for improvement. The prccess continuously evolves based
on feedback from each collection and analysis cycle.
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4.4. Prototype the Process

A measurement procsss should be tested on actual projects and adjusted before it is
implemented throughout the organization [Huniphirey 89]. The measurement focal group
should work with each project to do this. The focal group heips projects understand what the
organization needs, and the projects heip with the implementation details.

As 2 result of prototyping, the focal group should develop an understanding of the:
« cuirent project performance with respect to the arganizational cbjectives,
« benefits and lessons leamed from the existing maasurgrment process, and

« scope of the effort and resources necassary {o isitiate and maintain the measurement
process on projects.

4.5. Document the Process

The focal group shouid discuss its prototyping results with management, addressing the
benefits and lessons learned and how measuraments ¢can support the organization. During
this siep, the focai group and management shouid ravisw the goais and objecuves that were
staied during step 1 (see Section 4.2: Identify the Objectives). Management should examine
the organizational objectives for the future and determine how they can use measurement to
monitor the achievement of these objectives. Based on the prototype and the ievel of effort
involved, management should dacide how ta proceed with the measurement activity.

The focal group can now formally documert th2 measurement process as part of the
organization’s standarrd software process. This may involve a policy statement, a standard
procedure, templates for defining measures, ¢r somu other form of documenting software
processes. An organization-wide process helps clarify activities, roles, and responsibilities,
and integrates measurement with relatad policies and procedures.

4.6. Implement the Process

Once measurement is formally documented within the organization, the focal group can
begin to implement the measurement process across the organization. This involves working
with projects to integrate the measurement process with their software processes.

A good way to work with projects consistently is to ¢~velop a measurement workshop. This
workshop can be used for training projects with a need for measurement. It wili transfer the
basic measurement capabilities and train the projects on the use of organizational rolicies,
standards, and procedures for measuremernt. The workshop can be a vehicie for setting up
working relationships hetween the feasurement focal group and projects.
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4.7. Expand the Program

The focal group can now proceed to look for opportunitiss to integrate measurement with
other process improvement activities. To expand the measurement efiort, projects must
perceive that there is a benefit to be obtained [QSM 92]. It is muct: eagier to seil the
measurement process basad on the benetits to the project rather than by entorcing the policy
as a requirement. Once useful resuits have been produced, projects will be more willing tc
support the work [Humphrey 89). With plans for the measurement process in piace, seliing
the process involves continuous implementation of the neasurement program.

The measurement group should:

- publicize the successes, benefits, and organizational trends observed from projecis
already involved with the program,

- collect measures and build on the historical repository; and

» develop tools, standards, and procedures tc make the process more usable and
adaptable 1o project needs.
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5. Summary

This report has presentad some basic concepts for establishing software measurement as
part of the overall software process in an organization. To be successtu!, the measurement
program entails more than defining and establishing a process. It may require a shift in
culture and be accompanied by a corresponding change in attitude. This kind of cultural shift
will be slow and will rely heavily on building success through implementation of successful
measurement procedures. Human-intensive processes, such as the sofiware process, are
constantly changing. The measurement focal group stioukd continuously discuss and review
all aspects of the measurement program with the projects and ensure that there are
mechanisms for change built into the software measurement process [Rifkin 91].
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Appendix A: Acronyms

CMM
CMuU
GQM
ETVX
IEEE
PDCA
QSM
SEI
SEPG
SLOC

capability maturity model

Camnegie Mellon University
goal-question-metric
entry-task-validation-exit

Institute of Electrical and Electronic Engineers
plan-do-check-act

Quantitative Systems Management

Software Engineering Institute

software engineering process group

source lines of code
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Appendix B: Terms Used

Activity — An organizational unit or stage that performs a specific function of a process (e.g.,
the identify scope activity of the software measurement process). Part cf the measurement
pracess architecture with a pradefined: (1 list of entry criteria that shouid be satisfied before
beginning the tasks, (2) set of task descriptions that indicate what is to be accomplished, (3)
validation procedure to verify the quality of work items produced by the tasks, and (4)
checklist of exit criteria that should be satisfied before the activity is viewed as complete
(based on [Radice 85]).

Goals — Target set by an organization.

Goal/Quaestion/Metric (GQM) — An architecture for stating goals and refining them into
specific questions about the characteristics that need to be measured. These questions
provide a specification for the data needad to help address the goal. This architecture was
developed by V. Basili from the Software Engineering Laboratory at the University of
Maryland when working in collaboration with the NASA Goddard Space Center. He has aiso
applied it within various U.S. companies [Basili 84].

Baseline - A specification or product that has been formally reviewed and agreed upon,
wihinh tharaafine manna nn tha hasic Sac Ad. oo dacmlommemedt medd ltale cm s Lo Lo o
WiliGH HICICQAILGT 961 VU @d WiIT madil 1wl 1Ului T USVGIURINGIIIL, dill Wi Gali e Ghidligau oy

through formal change control procedures.

Data — Something coliected, given, or admitted, espacially as a basis for reasoning or
infarence; factual material used as a basis especially for discussion or decision; something
used as a basis for calculating or measuring.

Measure — n. A standard or unit of measuremsnt; the extent, dimensions, capacity, elc. of
anything, especially as determined by a standard; an act or process of measuring; a resul; of
measurement. v. To ascertain the quantity, mass, extent, or degree of something in terms of
a standard unit or fixed amount, usually by means of an instrurnent or process; to compute
the size of something from dimensional measurements; to estimate the extent, strength,
worth, or character of something; to take tneasurements.

Measurement - The act or process of measuring something. Also a result, such as a figure
expressing the extent or value that is obtained by measuring.

Measurement goals — Specific objectives or targets which relate to the implementation and
execution of methods to achieve objectives, and are stated in quantifiable, unambiguous
terms.

Measurement plan — A document that details how the activities of applying and using the
measurement process are approached and applied in a particular working environment.

Method - Systematic procedures and techniques used to accomplish a task [Radice 85).
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Objective ~ Concrete, measurable performance targets that specify achievements and
suppori the overall mission of the organization.

Operational measurement process - To be operational, the documented process must put
communicable meaning into the concepts, and express the measurement process in
operational terms to:

« identify what data are to be collected,

- define how the data are to be collected and reported,

- define how the data are to be used to make decisions,

- define how the process is to evolve and improve,

« collect and analyze the data,

* make decisions, and

« start over by continuing and/or agjusting the process.

It is important to remember that to be operational, the process must achieve a result nearest
to what is needed for a particular end, i.e., it must be feasibie with respect to the time and
costs associated with collecting dats for decision making {based on [Deming 86}).

Problem report — A document or set of documents (electronic or hard copy) used to
recognize, record, track, and close problems. {Sometimes referred to as trouble reports,
discrepancy reports, anomaly ieports, etc.).

Pracess asset — Documented methods available tor use by the projects in developing,
maintaining, and implementing the organization's standard software process [Paulk 93].

Process element — Constituent part of the overall software process, e.g., software
estimating, software design, code, unit test, peer reviews, and measurement. Each procass
element covers a welil-defined, bounded, closely related set of tasks [Paulk §3].

Software engine.:ring process group - A group of people who facilitate the definition and
improvement of the software process usad by the organization.

Software measurement process — That portion of the software process that provides for
the identitication, definition, collection, and analysis of measures that are used to understand,
evaluate, predict, or control software processes or products.

Software measurement process archlitecture - An abstraction of the software
measurement process describing required activities for an operational process that can be
used to integrate measurement with the overall software process.

Software process - That set of actions (or activities) required to transform a users need
into an effective software solution {[Humphrey 89]. In this report, process encompasses the
system of all tasks and the supporting tools, standards, methods, and practices involved in
the production and evolution of a software product throughout the software life cycle.

Task - A piece of work associated with an activity (e.g.. identifying the need for
measurement is a task that is part of the identify scope activity of the software measurement
process).
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